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Introduction.– Systematic reviews have recommended kinematic variables to
assess active movements of the upper limb in stroke patients before and after
therapy [1]. The purpose of this study is to validate a protocol assessing upper
limb kinematics with a robot among stroke patients. This robot, the REAplan, is
a distal effector that allows displacements of the upper limb in the horizontal
plane.
Materials and methods.– Age-matched healthy subjects (n = 25) and stroke
patients (n = 25) participated in this study. Various kinematic indices (n = 44)
were obtained from four tasks with the REAplan. The statistical properties of
this protocol were studied.
Results.– In healthy subjects, 25 kinematic indices showed moderate to
excellent reliability (intraclass correlation coefficients [ICC] range [0.40–
0.91]) and only three indices showed a laterality effect (P < 0.05). In stroke
patients, 43 kinematic indices showed moderate to excellent reliability (ICC
range [0.40–0.95]; and Minimal Detectable Changes range [9.9%–131%]).
Many of these indices (27 of 44) were altered in stroke patients (P < 0.05).
Moreover, some indices showed moderate to good correlations (r > 0.4) with
the manual dexterity (Box & Block test, correlated with 13 indices) and the
motor control (Upper Limb Sub-score of Fugl-Meyer Assessment, correlated
with four indices). Finally, a Principal Component Analysis allowed the
elaboration of a short version of the protocol, reducing the number of indices
(n = 5).
Conclusion.– This study provides a standardised, reproducible, sensitive and
valid protocol to quantify upper limb impairments in stroke patient by using a
robotic device such as the ReaPLAN. A short version of the protocol is
provided.
Reference
[1] Sivan M, et al. J Rehabil Med 2011;43:181–9.
http://dx.doi.org/10.1016/j.rehab.2013.07.029
CO56-003-e
Scapular muscle recruitment in stroke patients and
healthy controls
L. De Baets a,*, E. Jaspers b, S. Van Deun a
a Diepenbeek PHL University College, Hasselt University, Agoralaan Building
A, 3590 Diepenbeek, Belgium
bNeural Control of Movement Lab, Department of Health Sciences and
Technology, ETH Zurich, Switzerland
*Corresponding author.
E-mail address: liesbet.debaets@phl.be
Keywords: Scapula; Muscle recruitment; Stroke
Introduction.–Inadequate scapular positioning is believed to be a risk factor
for shoulder dysfunction [1]. Correct scapular position relies upon adequate
control of scapular musculature. This study investigates whether differences
in scapular muscle activity exist between stroke patients and healthy
controls.
Patients and methods.– Muscle activity was measured in ten stroke patients
(seven men; age 64  9.9 yrs) and ten healthy controls (seven men; age
63.8  9.9 yrs) (Delsys Trigno surface EMG system, Boston, US). Muscles of
interest included the upper trapezius, infraspinatus, lower trapezius, serratus
anterior, pectoralis major, anterior deltoideus. Participants performed 458 and
full range anteflexion with their hemiplegic (stroke) or dominant arm
(controls). Both tasks were executed without additional load and with 20%
load of the arm mass (estimated based on total body mass). Each task was
repeated 12 times.
Parameters of interest were onset/offset of muscle activity (relative to start/stop
of arm movement) and time to peak muscle activity (relative to the onset of arm
movement). Mean values were calculated for each parameter, per muscle and
per task in both groups. Group differences were assessed with Mann-Whitney U
tests, with the level of significance set at P < 0.05 (SPSS).
Results.– In the unloaded condition, anterior deltoideus showed an earlier offset
in stroke patients, during both 458 (P 0.05) and full range anteflexion (P 0.02).
Peak activity of the upper trapezius was significantly delayed during full range
anteflexion in stroke patients (P 0.006).
During loading, similar differences between stroke patients and controls were
found. In stroke patients, the lower trapezius and serratus anterior additionally
showed a delayed onset (P 0.02) and an earlier offset (P 0.05) for the 458
anteflexion task. Finally, onset of the anterior deltoideus was also significantly
delayed in stroke patients during full range anteflexion (P 0.006).
Discussion.– Upper trapezius, lower trapezius and serratus anterior are
considered a main force couple to control scapular positioning during
anteflexion. Their correct timing relative to the anterior deltoideus is of utmost
importance to guarantee pain-free shoulder movement. Rehabilitation
addressing control of these muscles is essential in stroke patients and should
be considered in clinical practice.
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Although changes in hand kinematics during robotic training post-stroke have
been documented, the day-day and concurrent changes in hand kinematics, arm
joints, and joint coordination have not been thoroughly investigated (Roby-
Brami et al., 2003 for a study with two time points, and Dipietro et al., 2007 [1]
for a study with a non-redundant two dimensional arm), especially in the sub-
acute phase. Here, we use state-of-the-art numerical methods to investigate
changes in joint synergy in a highly redundant arm across multiple training
sessions with the ARMEO Spring device. Six degrees of freedom in the
ARMEO device (three at the shoulder, one at the elbow, pronation-supination
and wrist flexion-extension) were measured during a pointing test repeated for
ten sessions on five days in healthy volunteers to define the baseline
performances and learning curves in both hand and joint spaces. Changes in
end-effector movement fluidity (number of peaks in velocity profile, normalized
jerk, etc.) were computed and compared. It has recently been proposed that the
largest loadings (weights) of the components in a principal component analysis
(PCA) of joint angles can be used to identify joint synergies post-stroke (van
Kordelaar et al., 2012). Similarly, we analyzed angular coordination via PCAs
for angles positions and velocities in two dimensions (elbow against one of three
shoulder angle), three dimensions (including elbow), and four dimensions
(elbow and all shoulder angles). We then analyzed the changes in loadings to
quantify the changes in joint synergies across training sessions. Comparison of
shoulder and elbow joint coordination within- and between- subjects was
carried out via a newly introduced distance metrics (Bockemuhl et al., 2010,
Crocher et al., 2013). We discuss how these changes in end-effector fluidity and
joint coordination can be used to inform the therapists about individual recovery
profiles, especially by contrasting changes in end-effector control to those in
coordination in the redundant joint space.
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